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ABSTRACT 
 

The present study undertaken to evaluate the impurities and physico-chemical properties of original and 
generic samples of chlorpyrifos ethyl obtained from the different sources. The percentages of impurities were 
assessed in two different chlorpyrifos ethyl samples, and so violation percentages were calculated for the 
impurities found in these generic samples based on allowed percentages specified by FAO and IUPAC. Some 
chemical and physical properties were also assessed for the generic samples (melting point, acidity & alkalinity) 
and compared to those specified by FAO. Impurities in generic chlorpyrifos ethyl samples were identified and 
their percentages were calculated using GC-MS, and the active ingredient content was identified using FTIR and 
NMR. Impurities were assessed for 2 samples of generic chlorpyrifos ethyl from 2 different sources (Denmark 
& China). In this respect, the three following impurities were identified in Denamrk sample; (0,0-diethyl 0-6-
chloro-2-pyridal phosphorothioate), (0,0-diethyl 0-5,6-dichloro-2-pyridyl phosphorothioate)  and (0-ethyl 0,0-
bis (3,5,6-trichloropyridin-2-yl) phosphorothioate). Percentages of the impurities were calculated to be (0.184%, 
0.729% and 0.241%) respectively. The generic sample from China only identified one impurity which was (0-
ethyl 0,0-bis (3,5,6-trichloropyridin-2-yl) phosphorothioate), with percentage of (0.390 %). It is worth noting 
that although sulfotep is the main impurity listed in FAO specifications for chlorpyrifos ethyl, as well as another 
impurity 3,5,6- trichloropyridionl (listed in FAO and IUPAC), the generic samples did not contain sulfotep or 
3,5,6-trichloropyridionl. On the other hand, the physical properties of generic chlorpyrifos ethyl samples showed 
that acidic and melting points are matched with the standard specifications of the original Chlorpyrifos-ethyl 
TC. 
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Introduction 

 
Pesticides are of great importance and necessity due to their use in agriculture and public health, therefore it 

is necessary to ensure the quality of these pesticides and their conformity with the standard specifications, 
especially since their active ingredients are no longer manufactured by their original producer once their patent 
period of 20 years expires. 

It is therefore necessary to determine the fingerprint for generic and original pesticides, and define the 
associated impurities with the pesticides, then evaluate rates of excess of these impurities. 

The relevance of impurities is assessed by taking into account their relative toxicity compared with the 
active ingredient, their effect on the physical and chemical properties affecting the storage stability of the 
product, their phytotoxicity to treated crops, their production of taint in food crops or their resulting in 
undesirable residues in food or the environment. In addition to the impurities in the technical active ingredient, 
the composition and impurities of the carrier materials used in the formulations may also affect these properties 
of the product. Hence, they should also be taken into consideration for the safety assessment of the pesticides. 
(Fred Whitford, 2006). 

Chlorpyrifos ethyl is a organophosphate Insecticide it is non-systemic insecticide with contact, stomach, 
and respiratory action. Its chemical name is [O,O-diethyl O-(3,5,6-trichloro-2-pyridinyl) phosphorothioate]. 
Chlorpyrifos ethyl is used to Control of Coleoptera, Diptera, Homoptera and Lepidoptera in soil or on foliage in 
over 100 crops, including pome fruit, stone fruit, citrus fruit, nut crops and strawberries Also used for control of 
household pests (Blattellidae, Muscidae, Isoptera), mosquitoes (larvae and adults) and in animal houses 
[FAO,2008 Specifications for Plant Protection Products, Chlorpyrifos ethyl ]. 

This study aims to assess the impurities in some generic chlorpyrifos ethyl TC recommended for use in 
Egyptian agrochemical market. It also calculates the violation percentage of the impurities present in the 
Technical compared to the allowed percentages by FAO, IUPAC 
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Material And Methods 

 
Experiments were carried to identify and determine the level of impurities in two generic Chlorpyrifos ethyl 

TC samples from different sources [Denmark(97%) - China (95%)] by GC-Ms, FTIR and NMR. 
  

Identification and Conformational Analysis: 
 
Fourier transform infrared (FTIR): 

 
The samples were analyzed using Fourier transform infrared (FTIR) Model Jasco 460 Plus - Made in Japan 

(Spectroscopic department, micro analytical center, Cairo University).  
IR spectra were recorded (KBr) using a pye Unicam SP-1000 Spectrophotometer (υ max in   cm-1). 

According to Spectrometric identification of organic compounds, fifth edition, infrared spectrometry, chapter 
three, 1991-a) (Silverstein et al; 1991). 

 
Nuclear magnetic resonance (NMR): 

 
Nuclear Magnetic Resonance (NMR) was determined on Varian Mercury VX-300 NMR Spectrometer. 1H 

spectra were run at 300 MHz in deuterated chloroform (CDCl3) .Chemical shifts are quoted in δ and were 
related to that of the solvents.  

 
Gas chromatography mass spectrometry (GC-Ms): 

 
The samples were analyzed by GC-Ms (an Agilent 6890 Gas Chromatograph equipped with a Mass 

Spectrometric Detector (MSD) Model Agilent 5973 operating in the Electron Impact Mode (EI). A fused silica 
capillary column (HP-5MS), 5% phenyl polysiloxane was used as non polar stationary phase (30m x 0.25 mm x 
i.d) and 0.25μm film thickness. 

 
Samples were injected under the following conditions:  

 
Injector Port Temperature: 250ºC.                                                              
Helium as carrier gas at a flow rate of 1.0ml/min, pulsed splitless mode. Column temperature was 

maintained at 80ºC, for 3 min then programmed to increase at 8ºC/min to 260ºC, and held for 15 min showing 
the total analysis time was 40 min. A 1µl volume was injected. The Mass Spectrometric Detector (MSD) was 
operated in electron impact ionization mode, scanning from m/z 50 to 550. The ion source temperature was 
230ºC and the quadrupole temperature was set at 150ºC. The Electron Multiplier Voltage (EM voltage) was 
maintained 1100 V above auto-tune, and a solvent delay of 3 min was employed.                                   

The instrument was manually tuned using perfluorotributylamine (PFTBA). 
 

Determination of Physical and Chemical Properties: 
 
Titration method was used to determine the acidity and alkalinity of the samples according to CIPAC (MT 

31, CIPAC, F 2001) 
The Melting point of samples was measured using (Electrothermal Gallen 9200A). (MT 2, CIPAC, F 2001) 
 

Results And Discussion 
 
Experiments were carried out for the qualitative and quantitative determination of technical Chlorpyrifos 

ethyl TC  its impurities.  
 

GC-Ms analysis:- 
 
GC-Ms analysis was used to determine the degree of purity and confirm the molecular structure. The major 

peaks in the spectrum of each compound were identified for structural confirmation as shown in mass 
spectrometry (MS) and fragmentations of Chlorpyrifos ethyl TC in Figs[(1& 2) respectively. 
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Fig. 1: Mass spectrometry (MS) of technical chlorpyrifos ethyl. 

 

 
 
Fig. 2: Mass spectrometry (MS) of chlorpyrifos ethyl at RT 9.98 min, and its fragments. 
 
1. identification of chlorpyrifos ethyl: 

 
The fragmentation of technical chlorpyrifos ethyl in both of generic samples were illustrated  as following 

see figure (3)  
• The protonated molecular ion of m/z 350.6 losses (CH3) followed by (CH2) to give peaks at m/z 334 

and 320, respectively.  
• The m/z 320 loses atom (O) to give peaks at m/z 304. 
• The protonated molecular ion of m/z 304 losses (C2H5) followed by atom (O) to give peaks at m/z 275 

and 259, respectively. 
• The m/z 259 loses atom(S) followed by atom (P) followed by atom (O) to give peaks at m/z 227 and 

196, 180 respectively. 
• The m/z 180 loses (3Cl) to give peaks at m/z 77. 
- Sulfur must be double bonded to the organophosphours to result in the m/z 125 peak which is 

analogues to m/z 110 and is shown in fig(3)  
- All compounds that exhibited m/z 97 had ethyl groups to the two oxygen atoms located at the 
phosphours  
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Fig. 3: Suggested fragmentation pathways of chlorpyrifos ethyl. 
 
2. Identification of the Impurities: 
 
2.1. chlorpyrifos ethyl: 
 
2.1.1. Chlorpyrifos ethyl sample from Denmark: 

 
The purity of generic chlorpyrifos ethyl TC from Denmark was determined by GC as (95.87 %) , Three 

impurities were identified in generic sample from Denmark see (Figure (6). These  identified impurities are as 
following O,O-diethyl O-6-chloro-2-pyridyl phosphorothioate at R.T.(9.01 min), O,O-diethyl O-5,6-
dichloro-2-pyridyl phosphorothioate R.T. (9.79 min) and O-ethyl O,O-bis(3,5,6-trichloro pyridine-2-yl) 
phosphorothioate at R.T. (12.10 min). The purity of these impurities was determined by GLC as 
(0.184%),(0.729%) and (0.241%) respectively. 

 

 
Fig. 4: Gas Chromatography (GC) of technical chlorpyrifos ethyl (Denmark) 
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Figures (5,6), (7,8), (9,10) showed the mass spectrometry and Suggested fragmentation pathways of O,O-

diethyl O-6-chloro-2-pyridyl phosphorothioate, O,O-diethyl O-5,6-dichloro-2-pyridyl phosphorothioate 
and O-ethyl O,O-bis(3,5,6-trichloro pyridine-2-yl) phosphorothioate respectively.  

 

 
 
Fig. 5: Mass spectrometry (MS) of O,O-diethyl O-6-chloro-2-pyridyl phosphorothioate (Impurity I). 

 

 
 
Fig. 6: fragmentation of O,O-diethyl O-6-chloro-2-pyridyl phosphorothioate 

 

 
 
Fig. 7: Mass spectrometry (MS) of O,O-diethyl O-5,6-dichloro-2-pyridyl phosphorothioate (Impurity ΙΙ). 
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Fig. 8: fragmentation of O,O-diethyl O-5,6-dichloro-2-pyridyl phosphorothioate 

 

 
 
Fig. 9: Mass spectrometry (MS) of O-ethyl O,O-bis(3,5,6-trichloro pyridine-2-yl) phosphorothioate (Impurity 

ΙΙΙ). 
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Fig. 10: fragmentation of O-ethyl O,O-bis(3,5,6-trichloro pyridine-2-yl) phosphorothioate. 

 
2.1. 2. Chlorpyrifos ethyl sample from China: 

 
The purity of generic chlorpyrifos ethyl TC from China was determined by GC as (92.81 %) , one impurity 

were identified in generic sample from China see (Figure (11). This  identified impurity was as following  O-
ethyl O,O-bis(3,5,6-trichloro pyridine-2-yl) phosphorothioate at R.T. (12.10 min). The purity of this 
impurity was determined byGLC as (0.390%) respectively  

 

 
 
Fig. 11: Gas Chromatography (GC) of technical chlorpyrifos ethyl (China). 

 
Figures (12,13) showed the mass spectrometry and Suggested fragmentation pathways of O-ethyl O,O-

bis(3,5,6-trichloro pyridine-2-yl) phosphorothioate. 
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Fig. 12: Mass spectrometry (MS) of O-ethyl O,O-bis(3,5,6-trichloro pyridine-2-yl) phosphorothioate 
 

 
 
Fig. 13: fragmentation of O-ethyl O,O-bis(3,5,6-trichloro pyridine-2-yl) phosphorothioate. 

 
The purity of chlorpyrifos ethyl TC sample  and its impurities were determined by GC. however, the water 

content, loss on drying and insoluble in acetone ratio is not determined by sample of technical chlorpyrifos ethyl 
which may be contains about 1% of the sample.  
 
2.2.Identification of Technical Clorpyrifos by NMR: 

 
Identification of chlorpyrifos ethyl TC and chlorpyrifos ethyl samples (Denmark-China) achieved by 1H-

NMR. showed in (Fig. 14, 15 and 16).  
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Fig. 14:  1H-NMR spectral data of standard chlorpyrifos ethyl.  
 

.  
 
Fig. 15: 1H-NMR spectral data of chlorpyrifos ethyl TC (Denmark). 
 
Table 1: Interpretation of 1H-NMR spectral data of chlorpyrifos ethyl TC(Denmark). 

multiplicity position Chemical shift(ppm) 
Sample 

Chemical shift(ppm) 
Standard 

Triplet (t) 6H(P-O-C-UCH3 U) 1.4 1.29 
Quartet (q) 4H(P-S-O-UCH2 U) 4.4 4.01 
Singlet (s) 1H(pyridyl) 7.8 8.52 

 

 
 
Fig. 16: 1H-NMR spectral data of chlorpyrifos ethyl TC (China). 

 
Table 2: Interpretation of 1H-NMR spectral data of chlorpyrifos ethyl TC (China). 

multiplicity position Chemical shift(ppm) 
Sample 

Chemical shift(ppm) 
Standard 

Triplet (t) 6H(P-O-C-UCH3 U) 1.4 1.29 
Quartet (q) 4H(P-S-O-UCH2 U) 4.4 4.01 
Singlet (s) 1H(pyridyl) 7.8 8.52 
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2.3.Identification of Technical Clorpyrifos by FTIR.: 

 
FTIR analysis of chlorpyrifos ethyl TC samples were performed and the characteristic peaks were 

tentatively identified in figure (17 and 18). The different functional group revealed the following range wave 
number for sample as indicated in table(3 and 4).  

 

 
 
Fig. 17: FTIR spectrum of chlorpyrifos ethyl TC (Denmark). 

 
Table 3: Interpretation of FTIR spectrum of chlorpyrifos ethyl TC (Denmark). 

Functional group Range of wave number [cm-¹] 
-C-H (aromatic) 3049 
-C-H (aliphatic) 2986 
-C=N 1644 
-C=C (aromatic) 1549 
-C-Cl 743 

 

 
Fig. 18: FTIR spectrum of chlorpyrifos ethyl TC (China). 

 
Table 4: Interpretation of FTIR spectrum of chlorpyrifos ethyl TC(China). 

Functional group Range of wave number [cm-¹] 
-C-H (aromatic) 3048 
-C-H (aliphatic) 2985 
-C=N 1825 
-C=C (aromatic) 1549 
-C-Cl 743 

 
2. 4. Physical and Chemical Properties: 

 
Table 5: Melting point of generic samples of chlorpyrifos ethyl TC.  

Pesticide name Source Melting point FAO specification Pesticides manual 
chlorpyrifos ethyl 97% Generic 

(Denmark) 
44ºC  

 
 

42ºC(DOW) (99.8%) 
41.0 to 43.2ºC 

(Makhteshim)>(99%) 
 

42-43.5ºC 
 

chlorpyrifos ethyl 95% Generic 
(China) 

43ºC 42-43.5ºC 
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The results indicated only (0.5-2.0 ºC) difference between the melting point of the generic 

sample(Denmark) and pesticide manual value  for chlorpyrifos ethyl and (2.0-3.0 ºC)  difference between the 
value of the generic sample(Denmark) and FAO specifications of chlorpyrifos ethyl.but, that is no difference 
between the melting point of the generic sample (China) and pesticide manual value  for chlorpyrifos ethyl and 
(1.0-2.0 ºC)  difference between  the value of the generic sample (China)  and FAO specifications of 
chlorpyrifos ethyl. 

The acidity and alkalinity of samples are determined in Table (6) and samples have acidic characteristic to 
both of samples chlorpyrifos ethyl TC. 

  
Table 6: Acidity and alkalinity of chlorpyrifos ethyl TC samples.  

Pesticide name Source Result FAO specifications 
chlorpyrifos ethyl 97% Generic(Denmark) acidic acidic 
chlorpyrifos ethyl 95% Generic (China) acidic acidic 

 
Chlorpyrifos ethyl is non-systemic insecticide with contact, stomach, and respiratory action. First registered 

in 1965 and marketed by Dow Chemical Company under the trade names Dursban, Lorsban and Renoban. 
According to the United States Environmental Protection Agency (EPA), chlorpyrifos ethyl is registered only 
for agricultural use in the U.S, where it is "one of the most widely used organophosphate insecticides" (FAO 
Specifications for Plant Protection Products, chlorpyrifos ethyl; 2008). 

The crops with the most intense chlorpyrifos ethyl use are cotton, corn, almonds, and fruit trees including 
oranges and apples. Chlorpyrifos ethyl is an organophosphate, with potential for both acute toxicity at larger 
amounts and neurological effects in fetuses and children even at very small amounts. Chlorpyrifos ethyl is 
manufactured by reacting 3,5,6-trichloro-2-pyridinol with diethylthiophosphoryl chloride. 

The main impurity in Chlorpyrifos ethyl-ethyl is Sulfotep according to the reports of FAO and IUPAC. 
Sulfotep is a highly toxic impurity that may be present in trace quantities in chlorpyrifos ethyl, an 
organophosphorus insecticide of moderate mammalian toxicity. In many countries, the level of sulfotep is 
limited to 0.3 or 0.5 % maximum concentration. Monitoring data from Asia indicated that some regional 
manufacturers may be producing chlorpyrifos ethyl with sulfotep concentrations as high as 17 % (Ambrus, et al, 
2003 ).  

In our study, the sulfotep was not detected in all generic samples of Chrorprifos-ethyl TC,  though the 
IUPAC indicted 3,5,6-trichloropyridinol as an impurity in Chlorpyrifos ethyl with limits between 0.05 to 0.57, 
this impurity was not detected in both generic samples of Chlorpyrifos ethyl-ethyl. On the other hand, three 
impurities was identified in the generic samples from Denmark which were as follows  O,O-diethyl O-6-chloro-
2-pyridyl phosphorothioate (impurity I), O,O-diethyl O-5,6-dichloro-2-pyridyl phosphorothioate (impurity II) 
and O, 5,6-dichloropyridin-2-yl O-2(5,6-dichloropyridin-2-yl) ethyl o-ethyl phosphorothioate (impurity III), and 
only impurity III was identified in the generic sample from China.  

Chlorpyrifos ethyl formulations of varying ages were analyzed for 3,5,6-trichloro-2-pyridinol (TCP) and 
sulfotep. Levels of TCP ranged between <0.05–0.12 %, 0.1–0.2 %, 0.19–3.8 %, and 0.4–0.57 % in samples 
stored for 1, 3, 4, and 5 years, respectively (IUPAC Technical Report, 2003). 

The FAO specification limit for chlorpyrifos ethyl technical purity is 940 g/kg minimum. The specification 
limit for O,O,O,O tetraethyldithiopyrophosphate (sulfotep) was 2 g/kg maximum, with the highest purity (99%) 
of chlorpyrifos ethyl TC specifying a sulfotep limit of 0.3 g/kg maximum. It is considered that other compounds 
of toxicological significance (N nitrosamines, halogenated dibenzo-pi-dioxins, or halogenated dibenzofurans 
and PCBs) are not expected in chlorpyrifos ethyl TC due to the raw materials and synthetic route used. 

Impurities may contribute to the toxicity of the pesticide or may alter the physical properties of the product. 
For some impurities, this may lead to the allocation of maximum concentration limits in technical-grade 
products. The toxicological tests carried out with technical products of typical composition for registration 
purposes include assessment of toxic potency of the impurities present in the test material.  

In our study, we have encountered many impurities that were neither identified nor mentioned in the FAO 
specifications or in IUPAC reports for these active substances. It was also very difficult to locate any 
information regarding their toxicity therefore; further investigation by the proper authorities or active ingredient 
manufacturers are encouraged in order to list these impurities in the future. It is also critical to study the toxic 
effects as well as recommend acceptable limits for such impurities. 

As the composition of the technical product may vary, particularly with respect to impurities and potentially 
also the toxicity of the product, and depending on the manufacturing process and sources of starting materials, 
manufacturers of pesticides should regularly check the chemical composition of the technical-grade products to 
ensure that their composition complies with quality specification. 

The combination of trace impurities present in the technical material arising either during storage or 
synthesis (be an intermediate of chemical reaction or be the product of a side reaction during the pesticides 
synthesis), may lead to markedly different toxicities than that expected from the individual 
components.(Environmental Protection Agency, Prevention, Pesticides and Toxic Substances, September 1994).  

http://en.wikipedia.org/wiki/Dow_Chemical_Company�
http://en.wikipedia.org/wiki/United_States_Environmental_Protection_Agency�
http://en.wikipedia.org/wiki/Maize�
http://en.wikipedia.org/wiki/Almond�
http://en.wikipedia.org/wiki/Organophosphate�
http://en.wikipedia.org/wiki/Acute_toxicity�
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Contaminants and impurities are often a part of the pesticide product and are responsible for product 

hazards. Accurate assessment of the potential impact of impurities is critical for ensuring safe and efficient use 
of pesticides. Independent laboratories may play an important role in improving safety of the use of pesticides 
by undertaking research on their composition and identifying potentially toxic impurities.  
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